We report a triple coaxial catheter technique to facilitate the venous access to the superior ophthalmic vein during transvenous embolization of dural carotid-cavernous fistula (DCCF) via the transfacial venous route. Two patients with transvenous embolization of DCCFs by coils were treated with transfacial superior ophthalmic vein (SOV) approach by the triple coaxial catheter technique. The triple coaxial catheter system consisted of a 6F guiding catheter as the outer catheter and a 4F guiding catheter as the middle catheter and a microcatheter as the inner catheter to help navigation and manipulation.
Introduction
Endovascular treatment is currently the treatment of choice for dural carotid-cavernous fistula (DCCF). Both transvenous 1-3 & transarterial 4, 5 approaches have been reported.
The transvenous approach is preferred due to higher clinical and anatomical cure rate [5] [6] [7] [8] [9] [10] . There are various transvenous routes in embolization of DCCF 11 .
Among the transvenous approaches, the inferior petrosal sinus (IPS) route is the shortest and most direct.
This approach may not be feasible when the IPS is obliterated.
The transfacial superior ophthalmic vein (SOV) approach is another alternative, but the navigation path is longer.
A double coaxial catheter technique is commonly used.
But this technique encounters certain technical difficulties such as inadequate length of the catheters and lack of support at the distal end during catheter manipulation.
We describe two cases of DCCF with the use of the triple coaxial catheter technique to tackle the above technical problems.
Method and Illustrative Cases
From 1997 to 2007, 113 patients with DCCFs were treated with transvenous embolization with coils. The transvenous approaches were performed in all patients by femoral vein access. Of these, 14 patients were treated with transfacial SOV approach. Among those treated with transfacial SOV approach, 12 patients were treated with traditional double coaxial catheter technique. A 5F guiding catheter was placed in the internal or external jugular vein and a mirocatheter with microguidewire system was then used to catheterize the medial or lateral facial venous system into the SOV. Of the remaining two patients treated with transfacial SOV approach, we used a triple coaxial catheter technique to overcome the technical difficulties encountered in traditional double catheter technique. The triple coaxial catheter system consisted of a 6F guiding catheter as the outer catheter and a 4F guiding catheter as the middle catheter and a microcatheter as the inner catheter. The disadvantages of the traditional double coaxial catheter system were that the guiding catheter may not provide enough length for catheterizing ³ the SOV and it may not provide enough support to the microcatheter such that distal navigation via the facial venous system into the SOV may be difficult. The triple coaxial catheter system solved these problems because the middle 4F guiding catheter helped to track the 6F guiding catheter into the facial vein and the 4F middle catheter could be passed to the orbital rim to provide good support to the microcatheter. It also provides extra length for navigation due to two reasons, namely adding the length of the extra middle 4F guiding catheter and better straightening of vessels within the system.
Patient 1
A 64-year-old man presented with chemosis with protosis of his right eye. Visual acuity (VA) of his right eye was 20/70. Magnetic resonance angiogram suggested the presence of an indirect DCCF. Digital subtraction angiogram (DSA) showed a right DCCF with venous drainage through right SOV. The right IPS was blocked ( Figure 1A) .
The right femoral vein was cannulated with Seldinger technique. A 6F guarding catheter was positioned in the internal jugular vein . Both the right and left IPS approach were attempted but failed. The right external jugular vein (EJV) with transfacial SOV approach was adopted. The usual double coaxial catheter technique was attempted but failed due to the long tortuous course. The triple coaxial catheter technique was introduced. A 4F Vertebral catheter was inserted into the proximal part of the right facial vein through a coaxial 6F modified cerebral catheter positioned in the right EJV of the patient. An Excelsior SL 1018 microcatheter was used over Transend-14 floppy microguidewire and Terumo GT-12 microguidewire to catheterize right SOV through his right facial vein ( Figure 1B) .
The right cavernous sinus and the outflow tract of SOV were packed with Guglielmi detachable coils. The post-coiling angiogram showed complete occlusion of the right DCCF ( Figure 1C ).
Patient 2
A 40-year-old man presented with chemosis and blurring of vision of his left eye for two months. His left eye VA was 20/100. CT scan showed features suggestive of a left DCCF. DSA showed the left DCCF with venous drainage to the left SOV. The left IPS was blocked in this patient (Figure 2A ). The standard IPS approach was impossible in this case. A standard double coaxial approach was attempted but the procedure failed due to insufficient length of the catheters. The triple coaxial catheter technique was used.
A 4F vertebral catheter was inserted into his left facial vein through a coaxial 6F guiding catheter positioned in his left IJV. With the aid of 0.035" Terumo guidewire, the coaxial system was navigated up to the angular vein. An Excelsior SL 1018 microcatheter was used over Transend-14 floppy microguidewire to selectively catheterize the left SOV and the left cavernous sinus via the left angular vein ( Figure  2B ). The left cavernous sinus was packed with nine Guglielmi detachable coils. The post coiling angiogram showed complete occlusion of left DCCF (Figure 2C ).
Results
The DCCFs in both patients were successfully obliterated. Their ophthalmic symptoms were totally resolved during their follow-up at two months post treatment. There were no recurrences in either patient after follow-up for two years.
Discussion
Patients with DCCF usually present with ophthalmic symptoms including chemosis, protosis, diplopia and visual impairment. Occasionally patients present with cerebral dysfunction. Possible physical signs include eye bruit, pulsatile exophthalmos, cranial nerve palsy, impaired visual acuity and other neurological signs 12, 13 .
In the old days, DCCF was treated with open surgery 14 . Some also report the use of radiosurgery for the treatment of DCCF 15 . With the advancement of endovascular treatment, endovascular embolization has become the treatment of choice. Both transarterial 4,5 and transvenous 1-3 approaches have been adopted. The transvenous approach has been shown by several studies to have a better clinical outcome and anatomical cure rate [5] [6] [7] [8] [9] [10] . Among the transvenous approaches, IPS and facial vein through SOV 2 are the two most widely described routes of choice. Both approaches commonly employ the traditional double coaxial catheter technique to achieve a cure.
The IPS was blocked in both of our cases. The IPS approach was thus not successful in either case. The transfacial route was chosen in both cases. The transfacial approach is a safe and effective approach 16, 17 . Facial vein normally drains into the IJV but there are normal variants which drain into the EJV. Post-mortem Gupta et al. 18 found 9% of normal Indo-Asians had their facial vein draining into the EJV. This is important when using transfacial route for embolization of DCCF.
However, using the transfacial route may raise two problems which lead to failure of embolization. The transfacial route involves passage of catheter through the IJV or EJV in some patients, then the facial vein and SOV to reach the DCCF. This route varies in different patients and it can be so long and tortuous that the traditional double coaxial catheter system is not long enough to reach the SOV. Even if it is long enough to reach the SOV, the distal end of the catheter may be difficult to manipulate due to lack of support at the distal end. These problems were encountered in both of our patients. Introduction of the triple coaxial cathe-ter technique can solve the above two problems. It provides extra length to overcome the long tortuous pathway and better support to the distal end of microcatheter as the 4F guiding catheter in the middle can provide additional length, better straightening of the vessels and better support to distal end of microcatheter. This technique makes manipulation of the distal end of microcatheter easier, thus increasing the successful rate of embolization.
Conclusion
The triple coaxial catheter technique can provide interventionists with advantages in tackling difficult cases of DCCF over the traditional double coaxial catheter technique via the transfacial approach.
This technique also has its potential to be applied in endovascular treatment of other neuroendovascualr diseases.
